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Abstract 
Recent news of an impending clinical cell transplantation trial in Parkinson’s disease 
using parthenogenetic stem cells as a source of donor tissue have raised hopes in the 
patient community and sparked discussion in the research community. Based on 
discussions held by a global collaborative initiative on translation of stem cell therapy in 
Parkinson’s disease, we have identified a set of key questions that we believe should be 
addressed ahead of every clinical stem cell-based transplantation trial in this disorder.  
In this article, we first provide a short history of cell therapy in Parkinson’s disease and 
briefly describe the current state-of-art regarding human stem cell-derived dopamine 
neurons for use in any patient trial. With this background information as a foundation, 
we then discuss each of the key questions in relation to the upcoming therapeutic trial 
and critically assess if the time is ripe for clinical translation of parthenogenetic stem 
cell technology in Parkinson’s disease. 
  
Impending clinical stem cell trial raises questions 
Stem cell-based therapies for Parkinson’s disease (PD) are rapidly moving towards 
clinical trials. Several academic and industry efforts are well under way to produce 
dopaminergic neurons from stem cells under conditions compliant with use in patients. 
In December 2015, a press release announced a Phase I/IIa trial in PD using a 
parthenogenetic stem cell source, resulting in widespread excitement about stem cell 
therapy for PD in traditional print media, social media and especially in the PD patient 
community. The California-based biotechnology company International Stem Cell 
Corporation (ISCO) announced that, working through its wholly owned subsidiary Cyto 
Therapeutics, it had received approval by the Australian government to conduct a 
clinical trial in 12 patients with moderate to severe PD at the Royal Melbourne Hospital 
in Melbourne, Australia [1]. A second press release [2] has indicated that the program is 
planning to move forward very rapidly, with all of the patients being enrolled in the first 
quarter of 2016 and interim results being shared in October 2016. This is the first 
approval of a clinical trial using pluripotent stem cells to treat PD, and for that reason 
putting it in the news spotlight. Following the rapid spread via social media, many PD 
patients worldwide, and their families, became engaged in discussions and have asked 
whether they should try to sign up for such a study. As with many such exiting news 
items, however, one should also react with caution, especially since the outcome of this 
trial can affect the development of other stem cell programs moving towards clinical 
trials. In the wake of the two press releases from ISCO it can be considered timely to 
discuss how one should evaluate the opportunities provided to PD patients in this and 
similar trials being planned by other groups. Without this, the patient community is left 
trying to interpret complex scientific issues on its own, and individual patients cannot 
make informed decisions on whether they should seek to participate in the planned 
trials or not. We have identified several key questions that need discussion ahead of any 
stem cell-based trial in PD; 
1. What is being transplanted, and what is the proposed mechanism of action? 
2. What are the pre-clinical safety and efficacy data supporting the use of the 
proposed stem cell product? 
3. Should arguments concerning ethics, risk-mitigation or trial logistics outweigh 
concerns regarding the expected efficacy of the cell and constitute a primary 
justification for choosing one cell type over another in a clinical trial? 
4. What is being claimed regarding the potential therapeutic value of the stem cell-
based therapy - better control of symptoms or a cure? 
5. What is the regulatory oversight of the trial and is it guided by input from 
experts in the field? 
We will briefly summarise the history and current status of clinical cell-based therapies 
for PD. Then we will provide short answers to each of the above questions, making 
reference to the upcoming trial that uses parthenogenetic stem cells as starting material. 
A brief history of cell based therapies for Parkinson’s Disease 
In the late 1970s and early 1980s it was demonstrated by a number of groups, following 
the pioneering work of Bjorklund et al. and others, that dopaminergic neurons 
harvested from the developing fetal midbrain (ventral mesencephalon –VM) could 
survive grafting in animal models of PD [3]. These cells not only survived 
transplantation into the adult striatum, but were shown to release dopamine, make and 
receive connections from the host brain and ameliorate numerous types of motor, as 
well as other, behavioural deficits in rodent models of PD (reviewed in [4]). Similar 
results were obtained when human fetal dopamine neurons were xenografted to the 
striatum of immunosuppressed rats [3]. As a result of the collective success of studies in 
experimental animals in several independent laboratories, many groups performed 
open label clinical trials in in PD during the late 1980s and 1990s. The rationale was that 
the adult nigral dopamine cells lost in PD could be replaced by grafted immature human 
dopaminergic neurons [3, 5]. This approach cannot really be considered to provide a 
cure, but rather a potentially powerful way to treating the dopamine-responsive motor 
aspects of PD by affording chronic physiological delivery of dopamine targeted to the 
striatum.  
These clinical studies clearly demonstrated that transplants derived from human 6-9 
week old fetal, post-mitotic VM neurons (i.e. immature dopaminergic neurons, but still 
differentiated past the stem cell stage), could survive, develop and function in a fashion 
similar to that previously observed in the experimental rodent models. Specifically, the 
grafted dopamine neurons could produce clinical benefits that were significant and long 
lasting (reviewed in [6]). However, it also became clear that this approach produced 
inconsistent results with great variability between patients regarding the observed 
benefit. In some patients the cell implants produced significant side effects in the form 
of graft-induced dyskinesias (GIDs). The GIDs were most clearly illustrated in two NIH-
sponsored double blind placebo control trials conducted towards the end of the 1990s 
[7, 8] and retrospective analyses of patients included in open label trials also concluded 
that some exhibited GIDs [9]. As a result, further experimental work was undertaken to 
better understand this variable response and why some patients developed such 
marked GIDs [6, 10]. Following studies that shed light on mechanisms controlling GIDs, 
approaches to minimizing the risk of them occurring were developed and consequently 
a new European trial using fetal ventral mesencephalic tissue, called TRANSEURO 
(www.transeuro.org.uk), was initiated with the first surgeries performed in 2015. Given 
the inherent problems of using fetal tissue (including the ethical and logistical issues; 
reviewed in [11], the TRANSEURO trial was always considered to be a steppingstone to 
the upcoming generation of stem cell-derived dopamine cells. In other words, it was 
designed to lay the foundation for future stem cell-based transplantation trials in PD, 
through; 
(i) better understanding which PD patients (precise clinical phenotype, age, 
time since onset of motor features) would maximally benefit from dopamine 
cell replacement; 
(ii)  standardizing how the ventral midbrain tissue would be prepared, delivered 
and supported in the grafted host; 
(iii)  better justified clinical trial end points that matched the time-course of a 
biological repair strategy, giving sufficient time to allow the grafted 
dopamine neurons  to mature and integrate into the host brain. 
Stem cell-based therapies are now approaching clinical trials in a number of centers. In 
order to ensure optimal progress toward the clinic a number of active groups in this 
field have set up a global initiative to collaborate on the translation of laboratory 
findings to trials: G-Force PD [12]. The aim of this consortium is to define criteria by 
which to gauge their own progress towards the clinic, while ensuring that all steps are 
conducted to the highest standard and that the trials are not initiated prematurely. A 
brief summary of these criteria have been summarised in a recent review [13]. 
How does the clinical transplantation trial in PD planned for 2016 by ISCO fare in light 
of the criteria defined by the G-Force-PD consortium?  In the remainder of this article, 
we discuss the publicly available information from the planned ISCO trial. We have 
divided the discussion into five sections that each respond to one the questions we 
posed in the first part of this article. 
Question 1: What is being transplanted, and what is the proposed mechanism of action? 
In the recently announced ISCO trial, the company will be transplanting neural stem 
cells differentiated from a pluripotent parthenogenetic cell line. The parthenogenetic 
cells have been derived from unfertilised oocytes through suppression of the second 
meiotic division, leading to a pluripotent diploid cell line containing exclusively 
maternal chromosomes [14]. These cells are therefore very different from other 
pluripotent cell sources such as embryonic stem cells (ESC) or inducible pluripotent 
stem cells (iPSC), and their lack of paternal imprinting may be associated with unique 
challenges in their adoption clinically as this could affect their cell cycle and 
differentiation capacity [15, 16]. For transplantation, ISCO proposes to use an 
expandable neural stem cell population that is derived from the parthenogenetic 
pluripotent cell source. The published data reveal that these cells are PAX6-positive 
[17], suggesting that they are of a dorsal neural fate as authentic midbrain dopaminergic 
neurons are derived from a PAX6-negative ventral midbrain neural precursor [18, 19]. 
In line with this, the published data on the grafted PAX6-positive neural stem cells fails 
to show them giving rise to authentic midbrain dopaminergic neurons [20]. Thus as 
discussed below, it remains unclear as to how these cells could work in PD given that 
they do not form a replacement cell for the midbrain dopamine neurons that degenerate 
in this condition.   
Question 2: What are the pre-clinical safety and efficacy data supporting the use of the 
proposed stem cell product? 
The ability of stem cell-derived dopamine neurons to survive long term, innervate the 
host striatum and restore lost brain function in the 6-hydroxydopamine (6-OHDA) 
lesion rat PD model is essential for their development towards the clinic [5, 21]. For 
human ES cell-derived midbrain dopamine neurons, two independent groups have 
obtained results that match these criteria [18, 19, 22]. In both cases, the surviving 
transplants were observed months after being implanted with evidence of 
differentiation into midbrain dopamine cells, fiber outgrowth, dopamine release and 
restoration of motor deficits - in all cases without evidence of abnormal cellular 
proliferation or tumour growth. In a press release from April 2014, ISCO states that 
their parthenogenetic stem cells have been tested for efficacy in 18 MPTP-treated non-
human primates, and that the transplanted animals showed “significant improvement in 
the main Parkinson’s rating score” [23]. Unfortunately, these data have never been made 
public. In contrast, in a recent study, which is the only transplantation study the 
company has so far published, they instead state that they have tested the cells in 10 
rats and only 2 monkeys, and they present no data on functional recovery in either 
species [20] . Thus, both the safety profile and proposed mechanism of action of the 
stem cells remain uncertain, especially given that the published study concludes that 
“Most of the engrafted hpNSCs were dispersed from the graft site and remained 
undifferentiated” [20]. Given the lack of dopaminergic neurons in the grafts, the authors 
propose that the cells might instead work through secretion of growth factors such as 
BDNF and GDNF [20]. This is not the first time such hypotheses have been put forward 
with cell based therapies for PD [24], namely that a cell therapy is proposed to work 
through trophic support to enhance endogenous function of dopaminergic neurons, and 
not by replacement of the degenerating dopamine neurons. However in the absence of 
plausible mechanisms and evidence in support of such hypotheses, this approach has 
previously been shown to result in clinical trials with poor outcomes [6]. The publicly 
available pre-clinical safety and efficacy data therefore clearly does not support the 
entry of these cells into a clinical trial at the present time. We can only speculate on 
whether additional preclinical safety and efficacy data has been submitted to regulatory 
bodies, and we strongly recommend a higher degree of transparency on the preclinical 
evidence.  
Question 3: Can arguments concerning ethics, risk-mitigation or trial logistics outweigh 
concerns regarding the expected efficacy of the cell and constitute a primary justification 
for choosing one cell type over another in a clinical trial?  
As fetal dopamine cell-based therapies were being developed in the 1980-1990s, many 
groups sought to use less ethically contentious cells, including cell grafts derived from 
the adrenal medulla; carotid body; fetal ventral mesencephalon derived from pigs; 
superior cervical ganglion and retinal pigmentary epithelial cells attached to 
microcarriers (Spheramine®) [6]. These trials had the advantage that; 
(a) they did not use aborted fetal tissue, which of course raises ethical issues; 
(b) in the case of autografts they avoided the need for immunosuppression, and the 
risks to the transplanted  patient linked to that;  
(c) they ensured a readily available supply of  tissue, and in case of Spheramine® 
this included a manufactured cell product. 
Despite these advantages making the aforementioned cell sources superficially 
attractive alternatives, they did not preclude the absolute need to show that the 
transplanted cells survived, gave rise to reinnervation of the host brain and were 
behaviourally effective in pre-clinical models of PD. Indeed clinical success is dependent 
on whether the cell source can generate enough dopaminergic cells of the midbrain type 
that can survive transplantation and replace those lost in PD with a functional efficacy 
equivalent to that which has been seen with fetal dopaminergic neuronal grafts. For all 
of the five cell sources mentioned above, this was not shown - with only, at best, partial 
restoration of motor abnormalities in the unilateral 6-OHDA lesion rat PD model and 
limited numbers of surviving tyrosine hydroxylase-positive cells, typically with few or 
no axons innervating the host brain.  In contrast, grafts of fetal human midbrain 
dopamine neurons have shown satisfactory pre-clinical data such as restoration of 
motor behaviours with evidence of graft survival and significant host brain innervation 
[3] and these cells have also shown therapeutic efficacy in patients [6].  
This scenario is now being played out again with cell products derived from different 
types of stem cells. Some of these initiatives are driven by the wish to avoid the use of 
embryonic stem cells (ES cells), based on ethical concerns, claiming that the use of ES 
cells as the starting material is ethically problematic, or prohibitive, because their 
generation results in the destruction of a “viable” embryo [11]. These alternative stem 
cells include mesenchymal stem cells, which frequently are ascribed clinical properties 
with little support from the scientific literature, and induced pluripotent stem cells 
(iPSCs) derived from skin or blood cells from adult donors or from the patients 
themselves.  In the case of the current trial sponsored by ISCO, parthenogenetic stem 
cells (i.e. cells derived from unfertilised oocytes) will be used. Because the oocytes are 
not fertilised or activated via sperm entry the ethical issues associated with ES cells are 
largely circumvented. However, arguing that the parthenogenetic cells are from an 
allegedly ethically more acceptable cell source does not obviate the need for meeting 
basic criteria for efficacy and safety testing.  As long as no convincing preclinical efficacy 
data have been presented by the ISCO, we do not consider the perceived ethical benefits 
associated with parthenogenetic stem cells to justify their use in a clinical trial.  
Question 4: What is being claimed regarding the potential therapeutic value of the stem 
cell-based therapy - better control of symptoms or a cure? 
Many scientific and popular media articles claim that cell-based therapies for PD offer a 
real hope of a cure, although this would most likely require that the transplanted cells 
not only replace the lost dopamine innervation in the striatum, but are also capable of 
halting the disease progression resulting from alpha-synuclein pathology. Most cell-
based therapies are designed to either replace the dopamine cells lost to the disease 
process, or rescue and maintain endogenous dopamine neurons that remain through the 
secretion of factors that are either neurotrophic or disease modifying in some way. This 
distinction on the mechanism by which the stem cell-derived product works can 
sometimes make it hard to understand what is being claimed, but in either case the 
therapy is simply trying to achieve a better dopaminergic therapy. The best outcome 
such a treatment can ever achieve is a restoration of striatal dopaminergic innervation 
to normal levels. This sort of clinical response has been demonstrated with fetal 
midbrain allografts with benefits that have been maintained over many years, and 
which has significantly improved the patients’ quality of life and functional capacity, 
although still not offering a cure [25].  The clinical aim of a fully restored dopaminergic 
innervation is to replicate the best L-dopa response experienced by the patient, avoiding 
the long term complications of L-dopa therapy related to its non-physiological 
stimulation of dopamine receptors in the striatum and at extra-striatal sites. Even with 
complete restoration of dopamine neurotransmission, it remains to be determined if 
dopamine neuron grafts can be effective in very advanced PD, which is characterised by 
alpha-synuclein aggregates in widespread brain regions. Therefore, claims of cures 
should be avoided when these cell replacement therapies are being discussed, and the 
more measured claims being made in the recent press release from ISCO are more in 
line with what is being hoped for with such treatments. 
 
Question 5: What is the regulatory oversight of the trial and is it guided by input from 
experts in the field? 
The translation of a therapy from the lab to the clinic is not straightforward, especially 
when the new treatment is an experimental biological product. This progress toward a 
first in human clinical trial obviously requires sufficient high quality pre-clinical 
evidence to support its use (see above), while the regulatory authorities will primarily 
want to see evidence that it is safe. This latter issue has meant that many new 
treatments of this type have come to clinic ahead of their pre-clinical efficacy data, and 
the clinicians who are asked to lead the clinical trials may not feel qualified to comment 
on the validity of the pre-clinical data. Therefore, it is imperative to ensure that the 
clinicians undertaking and overseeing such trials have the necessary expertise to assess 
the claims attached to the treatment by critically appraising the pre-clinical safety and 
efficacy data, and if they do not have this expertise, seek the advice of those who do. In 
this regard, and for the sake of transparency, the pre-clinical data used to justify the 
initiation of a clinical trial should be made available to both the scientific and the patient 
communities. In terms of the trial itself, there are currently no clear guidelines as to 
what this should look like, especially in the case of first-in-human studies. However, the 
topic warrants a few comments. Firstly, the trial should be in receipt of the necessary 
independent ethical and regulatory approval of the country where it is being done, and 
have as part of its structure an independent data monitoring committee of relevant 
experts. Secondly, the trial should be fully funded without the patients having to pay or 
raise money for the trial to be a part of it 
(http://www.isscr.org/home/publications/ClinTransGuide).  Thirdly, the trial should 
have long term follow up with a number of rigorous measures being collected 
systematically, including not only data on safety but also on functional efficacy – ideally 
using objective measures of dopaminergic pathway integrity in the grafted brain, e.g. 
using F-dopa positron emission tomography (PET) scans.  In the study that will be 
launched in 2016 by ISCO, the follow up will only be for one year which almost certainly 
will not be long enough to detect clinical improvement if there is any [7, 26]. Nor will a 
one year follow-up period be long enough to detect slow neural overgrowth or to assess 
the unknown risks associated with any cell derived from a pluripotent stem cell source, 
and in particular from a parthenogenetic stem cell source [27].  Finally, the data of any 
such trial should be published or made publicly available by other means regardless of 
the outcome, and any conflicts of interest explicitly declared by all the authors of that 
paper. 
 
Conclusions 
As our ability to make authentic midbrain dopaminergic neurons from stem cell sources 
improves, so does the reality of a first in human clinical trial in patients with PD. This is 
an exciting prospect but should only be undertaken when all the necessary pre-clinical 
data and regulatory approvals have been obtained and verified and the criteria for 
moving those cells to trials fully resolved and met- something that is currently a major 
focus of the GForce-PD consortium (www.gforce-pd.com/). Only too often are 
exaggerated claims made, based on limited pre-clinical data and a desire to pass the 
financial and regulatory hurdles needed to get to clinic, sometimes driven by personal 
ambitions along with financial and commercial interests. Acting prematurely has the 
potential not only to tarnish many years of scientific work, but can threaten to derail 
and damage this exciting field of regenerative medicine. Hopefully, in 2016, we are 
ready to take a more careful approach as we strive to repair the PD brain with stem cell-
based therapies, avoiding many of the mistakes that have dogged this field over the last 
3 decades [28].  
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